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balance between CPU and GPU computational potential 
and these are closely tied with the parametric details of the 
actual model under consideration. Larger models tend to 
use GPUs more efficiently. Therefore, we will strive to in-
vestigate generic approaches to synthesise large parametric 
problems and their extension in heterogeneous CPU-GPU 
architectures in our future work. 
8. Acknowledgements 
The authors would like to thank the Partnership for 
Advanced Computing in Europe (PRACE) for their sup-
port and grant of computing time in the SARA super-
computing facilities. The PRACE project receives funding 
from the EU's Seventh Framework Programme (FP7/2007-
2013) under grant agreement no. RI-211528. The Au-
thors would also like to acknowledge the support of a 
collaboration travel grant awarded by the STFC Collab-
orative Computational Project 5 (CCP5), NVIDIA Cor-
poration for the donation through the Professor Partner-
ship programme of the GPU Tesla equipment employed in 
this work, and Julian Gale of Curtin University in Aus-
tralia for making the GULP source code available. One of 
the authors (Roach) would like to acknowledge the sup-
port of EPSRC (EP /G049130) in the development of the 
SCATTER code. 
References 
[1] W. F. van Gunsteren, A. E. Mark, Validation of molecular dy-
namics simulation, Journal of Chemical Physics 108 (15) (1998) 
6109-6116. 
[2] B.-L. Huang, M. Kaviany, Ab initio and molecular dynamics 
predictions for electron and phonon transport in bismuth tel-
luride, Physical Review B 77 (12) (2008) 125209:1-19. 
[3] D. Champion, J. Tomkinson, G. Kearley, a-CLIMAX: a new 
INS analysis tool, Applied Physics A: Materials Science & Pro-
cessing 74 (2002) 1302-1304. 
[4] M. Segall, P. Lindan, M. Probert, C. Pickard, P. Hasnip, 
S. Clark, M. Payne, First-principles simulation: ideas, illus-
trations and the castep code, Journal of Physics: Condensed 
Matter 14 (2002) 2717. 
[5] J. Gale, GULP: A computer program for the symmetry-adapted 
simulation of solids, Journal of the Chemical Society, Faraday 
Transactions 93 (4) (1997) 629-637. 
[6] J. Gale, A. Rohl, The general utility lattice program (GULP), 
Molecular Simulation 29 (5) (2003) 291-34l. 
[7] L. Van Hove, Correlations in space and time and born approx-
imation scattering in systems of interacting particles, Physical 
Review 95 (1) (1954) 249. 
[8] G. Squires, Introduction to the theory of thermal neutron scat-
tering, Cambridge Univ. Press, 1978. 
[9] D. L. Roach, J. Gale, D. Ross, Scatter: A New Inelastic Neutron 
Scattering Simulation Subroutine for GULP, Neutron News 
18 (3) (2007) 21-23. 
[10] D. L. Roach, K. Ross, J. D. Gale, The application of coher-
ent inelastic neutron scattering to the study of polycrystalline 
materials, Physical Review B(Under Revision). 
[11] D. L. Roach, Computational investigations of polycrystalline 
systems using inelastic neutron scattering techniques, Ph.D. 
thesis, University of Salford, Salford M5 4WT, UK (2006). 
[12] V. Volkov, J. W. Demmel, Benchmarking GPUs to tune dense 
linear algebra, in: SC '08: ACM/IEEE Conf on Supercomput-
ing, IEEE, Austin, 2008, pp. 1-11. 
[13] 
[14] 
[15] 
[16] 
[17] 
[18] 
[19] 
[20] 
[21] 
[22] 
[23] 
[24] 
[25] 
[26] 
[27] 
[28] 
[29] 
[30] 
[31] 
[32] 
10 
S. Tomov, J. Dongarra, M. Baboulin, Towards dense linear al-
gebra for hybrid GPU accelerated manycore systems, Parallel 
Computing 36 (5-6) (2010) 232-240. 
J. Owens, M. Houston, D. Luebke, S. Green, J. Stone, 
J. Phillips, GPU computing, Proceedings of the IEEE 96 (5) 
(2008) 879-899. 
D. Kirk, W. Wen-mei, Programming massively parallel proces-
sors: A Hands-on approach, Morgan Kaufmann Publishers Inc. 
San Francisco, CA, USA, 2010. 
B. T. Smith, J. M. Boyle, J. Dongarra, B. S. Garbow, Y. Ikebe, 
V. C. Klema, C. B. Moler, Matrix Eigensystem Routines-
EISPACK Guide, 2nd Edition, Vol. 6 of Lecture Notes in Com-
puter Science, Springer, 1976. 
J. Dongarra, V. Eijkhout, Numerical linear algebra algorithms 
and software, Journal of Computational and Applied Mathe-
matics 123 (1-2) (2000) 489-514. 
S. Tomov, R. Nath, H. Ltaief, J. Dongarra, Dense linear algebra 
solvers for multicore with GPU accelerators, in: IPDPS 2010 
Workshops, IEEE, Atlanta, 2010, pp. 1-8. 
F. Vazquez, J. J. Fernandez, E. M. Garzon, A new approach for 
sparse matrix vector product on NVIDIA GPUs, Concurrency 
and Computation: Practice and Experience 23 (8) (2011) 815-
826. 
B. Garbow, EISPACK-a package of matrix eigensystem rou-
tines, Computer Physics Communications 7 (4) (1974) 179-184. 
A. K. Cline, J. Meyering, Converting eispack to run efficiently 
on a vector processor, Tech. rep., Pleasant Valley Software, 
Austin, Texas (1991). 
R. Lehoucq, D. Sorensen, C. Yang, ARPACK users' guide: solu-
tion of large-scale eigenvalue problems with implicitly restarted 
Arnoldi methods, Siam, 1998. 
Z. Bai, Templates for the solution of algebraic eigenvalue prob-
lems, Vol. 11, Society for Industrial Mathematics, 2000. 
V. Hernandez, J. Roman, A. Tomas, V. Vidal, A sur-
vey of software for sparse eigenvalue problems, Techni-
cal Report STR-6, U niversidad Politecnica de Valencia, 
"1J". gryeap. upv. es!slepe! (2006). 
J. Dongarra, 1. S. Duff, D. C. Sorensen, H. A. van der Vorst, 
Numerical linear algebra for high-performance computers, 2nd 
Edition, SIAM, 1998. 
D. Brenner, Empirical potential for hydrocarbons for use in sim-
ulating the chemical vapor deposition of diamond films, Physical 
Review B 42 (15) (1990) 9458. 
SARA, Description of the huygens system, Web page, Dutch 
National High Performance Computing and e-Science Sup-
port Center, http) /www.sara.nl/systems/huygens/description. 
(Last Accessed: 20 Jul 2011). (2011). 
M. Garba, H. Gonzalez-Velez, D. Roach, Parallel computa-
tional modelling of inelastic neutron scattering in multi-node 
and multi-core architectures, in: IEEE HPCC-10: Int Conf 
on High Performance Computing and Communications, IEEE, 
Melbourne, 2010, pp. 509-514. 
V. Bharadwaj, D. Ghose, T. G. Robertazzi, Divisible load the-
ory: A new paradigm for load scheduling in distributed systems, 
Cluster Computing 6 (1) (2003) 7-17. 
H. Gonzalez-Velez, M. Cole, Adaptive statistical scheduling 
of divisible workloads in heterogeneous systems, Journal of 
Scheduling 13 (4) (2010) 427-44l. 
H. Gonzalez-Velez, M. Ley ton, A survey of algorithmic skele-
ton frameworks: High-level structured parallel programming en-
ablers, Software-Practice and Experience 40 (12) (2010) 1135-
1160. 
H. Gonzalez-Velez, M. Cole, Adaptive structured parallelism 
for distributed heterogeneous architectures: A methodolog-
ical approach with pipelines and farms, Concurrency and 
Computation-Practice and Experience 22 (15) (2010) 2073-
2094. 
